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Submerged macrophyte vegetation has been mapped in four calcareous groundwater-fed streams in Bavaria
(southern Germany) in order to compare and assess two different methods of river bioindication. The ﬁrst one, the
trophic index of macrophytes (TIM), is a tool to assess the trophic status of running waters. In contrast, the reference
index (RI) is an ecological index which evaluates the difference between a reference community and the actual
submerged vegetation, depending on the river type, as required by the Water Framework Directive. Water nutrient
concentrations were measured once at selected sites in all water courses.
The TIM reﬂects water phosphorus concentrations, accounting also for nutrients enrichment in the sediment, and is
not inﬂuenced by shading, depth, substrate and ﬂow velocity of the water course. The TIM is very sensitive to small
variations in P concentration when the P level is low, while the index tends to a maximum as soluble reactive
phosphorus (SRP) and total phosphorus (Ptot) exceed a certain value.
The RI indicates river ecological status which is not only inﬂuenced by trophic status but by every factor leading to a
deviation of the actual macrophyte community from the reference community. In the investigated rivers the RI
indicated reduced ﬂow velocity caused by milldams and shading by riparian vegetation, in addition to trophic status.
In rivers that are at the boundary between two different river types, classiﬁcation of river type can play a crucial role
for river status assessment. Incorrect classiﬁcation of river type can lead to both, a ‘‘too good’’ and ‘‘too bad’’
assessment.
r 2008 Elsevier GmbH. All rights reserved.
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requires the ecological assessment of running waterse front matter r 2008 Elsevier GmbH. All rights reserved.
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ess: marghefabris@unive.it (M. Fabris).based on various biotic elements, one of them being the
macrophyte community (EU 2000). At present there
exist several macrophyte indexes, applied in different
European Countries, but these methods focus mainly on
macrophytes as indicators of trophic status (Caffrey,
1987; Haury et al., 1996; Robach et al., 1996; Newman
et al., 1997; Ali et al., 1999; Schneider, 2000; Sua´rez
et al., 2005). What has instead to be assessed, according
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Fig. 1. The distribution of study areas within the Bavarian region.
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community, in terms of species composition and
abundance, from the macrophyte community, which
should be growing in a certain river type at reference
conditions (EU, 2000).
In the absence of anthropogenic impacts, the macro-
phyte vegetation of a river stretch depends on the river
type, which is determined by its physical and chemical
nature, as stressed by many authors (Harding, 1981;
Carbiener et al., 1995; Daniel and Haury, 1995). As
assessment is to be based on the difference between the
actual macrophyte vegetation and the reference vegeta-
tion, it is extremely important to correctly deﬁne a
reference macrophyte community which is, however,
depending on river type. River type is, in turn,
depending on factors such as stream size, water
chemistry, ﬂow velocity and substratum composition
(Robach et al., 1996; Holmes et al., 1998; Riis et al.,
2000). In addition, climatic conditions inﬂuence macro-
phyte vegetation (Holmes et al., 1998; Barendregt and
Bio, 2003; Janauer and Dokulil, 2006). This is taken into
account by classifying rivers according to eco-regions or
based on latitude and longitude (EU, 2000).
Germany has been one of the ﬁrst European
Countries to develop a macrophyte-based methodology
that fulﬁls the demands of the European WFD(Meilinger et al., 2005). This method, the reference
index (RI), classiﬁes German rivers by using the eco-
regional approach. Other factors which are considered
for determining the biocenotic type are river depth,
mean width, velocity of ﬂow, water hardness or acid
capacity of water and inﬂow of groundwater (Meilinger
et al., 2005).
The key points for typology determination in the
German method are the assessments of ﬂow velocity and
of river depth. These two aspects are evaluated in a
semi-quantitative way using class scales, to enable a fast
and easy ﬁeld application. When ﬂow velocity or water
depth is near the boundary between two classes,
however, an ambiguous assessment can occur.
In the present publication we applied the RI to four
different streams (Fig. 1), three of which are constituted
by reaches belonging to different types. In addition we
applied a trophic index (trophic index of macrophytes
(TIM), Schneider, 2000) and compared the results with
those given by the RI. This was made in order to achieve
three different aims. The ﬁrst is to investigate if the RI
really reﬂects environmental pressures in the river. The
second is to outline the relation between RI and TIM
and the third is to understand the consequences of an
‘‘incorrect’’ classiﬁcation of river sections, when apply-
ing the RI.
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Ronetsbach
The Ronetsbach is an afﬂuent of the Loisach
River in southern Bavarian. Its total length is about
2.5 km, two of which were analysed for the present
study. The Ronetsbach is calcareous and strongly
inﬂuenced by groundwater. It ﬂows through an
agricultural area and shows strong anthropogenic
modiﬁcations, like channelling and absence of riparian
vegetation.Pullinger Graben
The Pulllinger Graben River is 2.5 km long and lies
north of Munich in Bavaria. It is an afﬂuent of the
Moosach River that in turn ﬂows into the Isar River.
The Pullinger Graben was deﬂected into the Pullinger
Moor at the beginning of the last century. It is
straightened but has a natural riparian vegetation. The
Pullinger Graben is calcareous and strongly inﬂuenced
by groundwater (Kohler et al., 1994).Forstinninger Sempt
The Forstinninger Sempt ﬂows out of an artiﬁcial
oligotrophic pool east of Munich, Bavaria, and after
5 km joins the Anzinger Sempt River to form the Sempt
River. The Forstinninger Sempt ﬂows through an
agricultural area, is calcareous, inﬂuenced by ground-
water and strongly modiﬁed by deepening, straightening
and milldams (Schneider et al., 2001). In its catchment
area there are some point sources of nutrient pollution,
like ﬁsh farms and the conﬂuence of small streams
receiving wastewater from small villages (Schneider
et al., 2001).Inninger Bach
The Inninger Bach is 6 km long and ﬂows out of
the Wo¨rthsee, a meso-oligotrophic lake located near
the Ammersee Lake west of Munich. After crossing
the town Inning am Ammersee, where it is tunnelled
for about 1.5 km, the Inninger Bach ﬂows into the
Amper River. The Inninger Bach is calcareous, inﬂu-
enced by groundwater and some reaches are channelled.
Land use along the Inninger Bach consists mostly
of cutting meadows. The main nutrient source is a
small tributary that ﬂows through an intensive agricul-
tural area and ﬂows into the Inninger Bach just a few
metres after its outﬂow from the lake (Schneider et al.,
2000).Methods
Macrophyte mapping
Aquatic vegetation was surveyed in July and August
2006. All submerged, ﬂoating-leafed and helophyte
species were recorded, including bryophytes and charo-
phytes, while ﬁlamentous green-algae were not recorded
(Schneider and Melzer, 2003; Meilinger et al., 2005). The
survey was carried out from the mouth to the source,
dividing the river course into uniform sections, their
lengths varying between 50 and 500m, on the basis of
morphological and shading conditions, substrate chara-
cteristics, ﬂowing velocity and vegetation patterns
(Kohler and Schiele, 1985; Melzer, 1993). The abun-
dance of each species was estimated according to a
ﬁve-degree scale (1 ¼ very rare, 2 ¼ infrequent, 3 ¼
common, 4 ¼ frequent, 5 ¼ abundant, predominant)
(Kohler, 1978; Melzer, 1992). The relationship between
the ﬁve-degree scale and the plant quantity is described
by the function y ¼ x3, where y is the quantity and x is
the value of abundance according to the ﬁve-degree
scale (Melzer, 1988; Kohler and Janauer, 1995). The
term ‘‘plant quantity’’ and its estimation were intro-
duced by Tuexen and Preising (1942) especially for
hydrobotanical investigations and include both the
extent of cover and the abundance (Melzer, 1992).
Every reach was surveyed according to a standard ﬁeld
protocol (LfU, 2005), which includes the assessment of
mean width, ﬂow velocity, shading and substrate. In
order to allow the application of both RI and TIM,
plant quantity was estimated separately for submerged
and emergent growth forms, in case the taxon occurred
in both growth forms.Trophic index of macrophytes (TIM)
The TIM (Schneider, 2000; Schneider and Melzer,
2003) is a tool for classifying river trophic status.
It is calculated as follows:
TIM ¼
Pn
a¼1IVa W aQaPn
a¼1W aQa
TIM is trophic index of macrophytes; IVa is the
indicator value of species a; Wa is the weighting factor
of species a; Qa is the total quantity of species a in the
river section (both submerged and emergent growth
forms).
The following criteria must be fulﬁlled in order to
obtain reliable results: macrophytes have to be mapped
during the main vegetation period, in each assessed
reach at least two indicator species must occur, the sum
of quantities of the indicator species in every section
must be X43, and the rate of scatter SC (see the
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SC ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃPn
a¼1ðIVa  TIMÞ2W aQa
ðn  1ÞPna¼1W aQa
s
SC is the rate of scatter and n is the total number of
indicator species occurring in the respective river section.Reference index (RI)
The RI (Schaumburg et al., 2004a) assesses the
deviation of macrophyte composition and abundance
from reference conditions in a river section. The value of
the index is related to an ecological status classiﬁcation,
according to the WFD.
The classiﬁcation of the RI value into status classes,
including additional criteria, depends on river type.
River biocenotic types are determined by ecoregion-
speciﬁc determination keys.
Submerged macrophytes are classiﬁed into three
different species groups (Schaumburg et al., 2004b): Species group A contains all taxa which are abundant
at reference sites and uncommon under non-reference
conditions. These taxa belong to the type-speciﬁc
reference biocenoses. Species group B taxa show no preference for
reference or non-reference conditions. They occur
together with taxa from species groups A and C. Species group C are taxa rarely found under reference
conditions, and usually occur at sites with very few or
no group A taxa.
The RI is calculated according to the following
equation:
RI ¼
PnA
i¼1QAi 
PnC
i¼1QCiPng
i¼1Qgi
 100
RI is the reference index; QAi is the quantity of the ith
taxon from species group A; QCi is the quantity of the
ith taxon from species group C; Qgi is the quantity of the
ith taxon of all groups (A–C); nA is the total species
number of taxa from species group A; nC is the total
species number of taxa from species group C; and ng is
the total species number of taxa from all groups (A–C).
Type-dependent criteria have to be met in order to
achieve a reliable assessment (Schaumburg et al., 2004a).
River assessment by using the RI is carried out type-
speciﬁc. River-type classiﬁcation, however, in some
cases depends only on one parameter, which can be
either the average river width or its ﬂow velocity. Since
these two parameters, according to the RI protocol, are
not precisely measured, but only estimated, a correct
assessment of river typology can be difﬁcult and may
vary between different observers.In order to understand how an incorrect typology
inﬂuences river assessment, we calculated the RI for
three versions of each stream: one with the actual results
and two other versions for which we hypothesized that
the water course was totally MRK (i.e. a fast ﬂowing
river (rhitral character) of mountainous areas with hard
water) or totally MPG type (lowland rivers in mountai-
nous areas, inﬂuenced by groundwater). The difference
between MPG and MRK sections is water depth, MPG
being deeper, MRK shallower than 0.3m (Schaumburg
et al., 2004a). This calculation was made for all sections,
with the exception of those reaches where the typology
was determined by two different parameters and was
thus unambiguous. Afterwards we compared the results,
paying special attention to the difference between
second and third classes. This threshold is extremely
important, since all the water courses must at least be in
second class by 2015, to satisfy the WFD requirements.
Water chemistry
Water chemical and physical parameters were ana-
lysed once in September 2006 at four (Ronetsbach,
Pullinger Graben), ﬁve (Inninger Bach) and six
(Forstinninger Sempt) sites in each river, respectively.
With the exception of the Ronetsbach, water chemistry
data from previous years were available.
Temperature, dissolved oxygen, pH and conductivity
were measured in situ with a multi-parametric probe,
while the nutrient concentrations were measured in the
laboratory. Soluble reactive phosphorus (SRP) and total
phosphorus (Ptot) were analysed according to Murphy
and Riley (1962), for the ammonia concentration DIN
38 406 (DEV, 1999) was used, while nitrate analyses
were conducted following the method of Navone (1964).
Statistical analyses
The correlation between RI and phosphorus (Ptot and
SRP) and TIM and phosphorus was calculated. To examine
relationships among RI, TIM and shading and ﬂow velocity
a Spearman rank correlation coefﬁcient was used, since
shading and ﬂow velocity are not continuous variables.
After TIM-Ptot and TIM-SRP functions were found, the
TIM values were re-calculated according to these two
functions (TIMsim1 and TIMsim2). The real values and the
simulated values were compared through the t-Student test.Results
The Ronetsbach
For the macrophyte mapping the Ronetsbach was
divided into 9 homogeneous sections. The whole river is
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Table 2. Reference index (RI) values, ecological state (ES),
TIM values, rate of scatter (SC) and trophic classiﬁcation in
the river sections of the Ronetsbach
Ronetsbach
River
section
RI ES TIM SC Trophic classiﬁcation
1 1.26 2 1.55 0.22 Oligo-mesotrophic
2 37.50 1 1.96 0.15 Mesotrophic
3 50.39 1 2.11 0.11 Mesotrophic
4 36.95 1 1.96 0.15 Mesotrophic
5 13.78 2 1.84 0.18 Oligo-mesotrophic
6 15.64 2 1.88 0.25 Mesotrophic
7 16.80 2 1.42 0.24 Oligotrophic
8 0.00 2 2.03 0.19 Mesotrophic
9 12.70 2 2.38 0.05 Meso-eutrophic
The unreliable results are marked in italics. Ecological state: 1 ¼ high,
2 ¼ good.
Table 3. Physicochemical and chemical measures in the
Ronetsbach
Ronetsbach
Sampling site 1 3 7 9
M. Fabris et al. / Limnologica 39 (2009) 40–5544type MRK, i.e. a fast ﬂowing river (rhitral character) of
mountainous areas with hard water. The main abiotic
features of river sections are presented in Table 1.
The RI in the Ronetsbach is X0 and all values
are reliable (Table 2). The highest values occur in
Sections 2–4, with a maximum in Section 3
(RI ¼ 50.39). The ecological state based on macrophyte
assessment is ‘‘high’’ in Sections 2–4, and ‘‘good’’ in the
other mapping sections.
The TIM in the Ronetsbach is between 1.42
(oligotrophic) and 2.38 (meso-eutrophic), however,
some of these values are not reliable (Table 2).
Water samples were collected at the Sections 1, 3, 7
and 9. Water nutrients concentrations are very low at all
sites (Table 3). Our data are coherent with those
measured by the public utility company of Munich,
during the years 1984–87 (unpublished data).
With exception of Sections 3 and 9, the macrophyte
community is dominated by Apium repens and Mentha
aquatica. In Section 3 the macrophyte vegetation differs
from the other stretches. The dominant species are the
bryophytes Cratoneuron commutatum and Rhyncostegium
riparioides, while M. aquatica and A. repens occur ‘‘rare’’
(Table 4).T (1C) 9.9 9.9 9.7 11.0
pH 7.68 7.66 7.50 7.48
DO (mg/l) 8.9 9.3 8.7 7.0
DO (% sat.) 86 90 83 69
Cond. (mS/cm) 426 425 430 493
N-NO3
 (mg/l) 1.2 1.4 1.3 1.4
N-NH4
+ (mg/l) 2.1 4.2 2.1 2.4
SRP (mg/l) 2.9 1.3 1.6 1.6
Ptot (mg/l) 4.1 2.4 3.4 2.7
DO ¼ dissolved oxygen, Cond. ¼ conductivity, SRP ¼ soluble reac-
tive phosphorus, Ptot ¼ total phosphorus. September 2006, sampling
sites 1, 3, 7 and 9 are within the respective macrophyte mappingThe Pullinger Graben
In the Pullinger Graben, 5 out of altogether 11
mapping sections belong to river-type MPG and 6 are
type MRK. The features of sections are listed in Table 5.
The RI (Table 6) has the highest values in Sections
1–4, where Potamogeton coloratus occurs. Nonetheless
only Sections 2 and 11, which are MRK types, have a
‘‘high’’ ecological state, while Sections 1, 3 and 4,
belonging to type MPG, have a ‘‘good’’ ecological state.Table 1. Abiotic features of river sections of the Ronetsbach
Ronetsbach
River section Mean width Flow velocity Shading
1 4 IV 3
2 4 IV 3
3 3 IV 5
4 3 IV 1
5 2.5 IV 1
6 2 IV 3
7 2 IV 1
8 0.8 III 2
9 0.5 III 1
Mean width is measured in metres (m), while ﬂow velocity and shading
are measured according to a six- and ﬁve-degree scale, respectively.
Flow velocity: I ¼ not appreciable, II ¼ very slow ﬂowing, III ¼ slow
ﬂowing, IV ¼ fast ﬂowing, V ¼ turbulent, VI ¼ extremely turbulent.
Shading: 1 ¼ full sunny, 2 ¼ sunny, 3 ¼ mostly sunny, 4 ¼ mostly
shaded, 5 ¼ completely shaded.
sections.The TIM characterizes the Pullinger Graben as
oligotrophic or oligo-mesotrophic in Sections 1–7,
whereas Sections 8–11 are characterized as meso-
eutrophic (Table 6). However, reliable results were only
obtained in Sections 9 and 10.
Water chemistry was analysed at Sections 3, 7, 8
and 11 (Table 7). The nutrients concentrations are in
accordance with those measured by the Technische
Universita¨t Mu¨nchen from April to September 1996
(unpublished data).
The macrophyte vegetation in Sections 1–4 (Table 8)
corresponds to the association Berulo submersae–
Potametum oblongi ass. nova (Buchwald et al., 2000).
In Sections 5–7, P. coloratus is replaced by emergent
Juncus subnodulosus. Both species, P. coloratus and
J. subnodulosus, prefer oligotrophic conditions (Tre´molie`res
et al., 1994).
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Table 4. Composition of the macrophyte community in river
sections of the Ronetsbach
Ronetsbach
Species River section
1 2 3 4 5 6 7 8 9
Agrostis stolonifera 3 3 3 4 3 4 3 4 3
Apium repens 5 3 2 4 5 3 – – –
Calliergon giganteum – 1 1 3 – – – – –
Caltha palustris 1 1 – 1 2 3 3 4 4
Carex flava – – – – 1 – – 1 –
Carex rostrata – – – 1 3 2 1 – 2
Cratoneuron commutatum 1 4 4 4 3 4 – – 2
Deschampsia caespitosa – 1 – 1 1 3 2 4 3
Epilobium parviflorum – – – – – – – – 2
Equisetum palustre – 1 – – – – 1 – –
Fontinalis antipyretica 4 3 1 1 1 2 4 4 –
Glyceria fluitans – – – – 1 2 – 1 2
Juncus articulatus – 1 – 3 4 4 4 2 –
Juncus subnodulosus 3 1 – 1 2 2 4 2 –
Lemna minor 1 1 – – – – – – –
Lythrum salicaria – – – – – – – 2 2
Mentha aquatica 4 4 2 4 5 5 5 5 –
Mentha longifolia – – – – 1 – – 2 –
Myosotis palustris 1 – – 1 – – 1 – –
Nasturtium officinale 2 1 1 – 1 – 1 3 2
Phalaris arundinacea 2 – – 1 2 – – – –
Phragmites australis 1 1 – – 1 – 1 – –
Ranunculus trichophyllus 1 – – – – 1 1 – 1
Rhyncostegium riparioides 1 3 3 – – 4 – – –
Rumex sp. – – – – – – – 1 –
Sparganium erectum – – – – 1 2 – – –
Veronica anagallis–aquatica 1 – – – – – – 1 1
Veronica beccabunga 1 – 1 1 1 – – 3 3
Species abundance for each river section is reported. The species
abundance is expressed according to Kohler’s ﬁve-degree scale (1978):
1 ¼ very rare, 2 ¼ rare, 3 ¼ common, 4 ¼ frequent, 5 ¼ abundant,
predominant.
Table 5. Abiotic features of river sections of the Pullinger
Graben
Pullinger Graben
River section Mean width Flow velocity Shading
1 6 III 5
2 6 III 5
3 6.5 III 4
4 6.5 III 4
5 6 III 5
6 5 III 5
7 5 III 4
8 3.5 III 5
9 3 II 4
10 3 II 4
11 1.5 II 4
Mean width is measured in metres (m), while ﬂow velocity and shading
are measured according to a six- and ﬁve-degree scale, respectively.
Flow velocity: I ¼ not appreciable, II ¼ very slow ﬂowing, III ¼ slow
ﬂowing, IV ¼ fast ﬂowing, V ¼ turbulent, VI ¼ extremely turbulent.
Shading: 1 ¼ full sunny, 2 ¼ sunny, 3 ¼ mostly sunny, 4 ¼ mostly
shaded, 5 ¼ completely shaded.
Table 6. Reference index (RI) values, ecological state (ES),
TIM values, rate of scatter (SC) and trophic classiﬁcation in
the river sections of the Pullinger Graben
Pullinger Graben
River
section
RI ES TIM SC Trophic classiﬁcation
1 77.12 2 1.57 0.43 Oligo-mesotrophic
2 51.92 1 1.25 0.33 Oligotrophic
3 61.28 2 1.31 0.25 Oligotrophic
4 50.00 2 1.70 0.39 Oligo-mesotrophic
5 11.11 2 1.96 0.51 Mesotrophic
6 0.00 2 1.77 0.36 Oligo-mesotrophic
7 21.62 2 1.59 0.34 Oligo-mesotrophic
8 0.00 2 2.43 0.31 Meso-eutrophic
9 0.00 2 2.53 0.17 Meso-eutrophic
10 0.00 2 2.20 0.20 Mesotrophic
11 29.67 1 2.25 – Meso-eutrophic
The unreliable results are marked in italics. Ecological state: 1 ¼ high,
2 ¼ good.
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The Forstinninger Sempt River was divided into 24
sections (Table 9). Sections 1–6 and 9–11 are type MRK,
whereas Sections 7–8 and 12–24 are MPG.
The RI of the Forstinninger Sempt varies consider-
ably along the river course (Table 10). It starts from 0 in
Section 1, increases to about 30 in Sections 2–6. In
Sections 7–21 it again decreases, and ﬁnally increases
from Section 21 to the maximum value in Section 24.
Consequently, Sections 3–6 and 24 are in a ‘‘high’’
ecological state, Sections 1, 7, 12–15 and 17–20 are
‘‘moderate’’, while the other sections are ‘‘good’’. In
Section 8 the index could not be calculated, because of
the lack of macrophyte vegetation.
In contrast to the RI, the TIM values (Table 10) are
extremely constant, ranging from 2.20 to 2.66. Theminimum is reached in Section 24, classiﬁed as
mesotrophic, though this value is not reliable. The
maximum values are reached in Sections 2–4, 7 and 9,
which undergo, directly or indirectly, the effects of ﬁsh
farm waste waters and are classiﬁed as eutrophic. In
Section 8 the calculation of the TIM was not possible,
because of the absence of macrophyte vegetation.
Water samples were collected at Sections 1, 2, 7, 13,
19 and 24. The impact caused by ﬁsh farming on
Section 7 is evident by increased values of ammonium
and total phosphorus and decreased values of dissolved
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Table 7. Physicochemical and chemical measures in the
Pullinger Graben
Pullinger Graben
Sampling site 3 7 8 11
T (1C) 12.1 12.4 12.5 12.4
PH 7.54 7.44 7.52 7.23
DO (mg/l) 14.0 13.7 14.7 11.3
DO (% sat.) 140 136 148 111
Cond. (mS/cm) 806 802 797 793
N-NO3
 (mg/l) 15.9 17.0 17.1 16.4
N-NH4
+ (mg/l) 20.6 16.3 12.8 10.2
SRP (mg/l) o1 2.5 o1 o1
Ptot (mg/l) 6.3 6.0 5.1 10.6
DO ¼ dissolved oxygen, Cond. ¼ conductivity, SRP ¼ soluble reac-
tive phosphorus, Ptot ¼ total phosphorus. September 2006, sampling
sites 3, 7, 8 and 11 are within the respective macrophyte mapping
sections.
Table 8. Composition of the macrophyte community in river
sections of the Pullinger Graben
Pullinger Graben
Species River section
1 2 3 4 5 6 7 8 9 10 11
Agrostis stolonifera 3 1 1 – 1 3 3 4 2 2 2
Amblystegium riparium – – – – – – – 1 – – –
Berula erecta – 2 3 4 4 3 3 5 4 3 –
Bidens tripartita – – – – – – – – – 1 –
Callitriche sp. 1 – – – – – – – – – –
Chara hispida – – 2 – – – – – – – –
Cratoneuron commutatum – – – – – – – – – – 3
Epilobium parviflorum – – – – – 1 – 1 – 2 –
Equisetum palustre – – – – – 1 1 1 1 1 –
Fontinalis antipyretica – 1 – 3 – – – – – – –
Juncus articulatus – – – 2 – – 1 – 1 – –
Juncus subnodulosus – – 2 – 3 3 4 – – – –
Mentha aquatica 5 3 5 5 3 4 4 5 3 5 –
Myosotis palustris 1 – 1 – – – – – – – –
Nasturtium officinale – – – – – 2 3 – 1 2 5
Phalaris arundinacea 1 – – 1 1 2 3 2 – 2 –
Phragmites australis – 1 – – – – 1 2 1 1 1
Potamogeton coloratus 3 3 4 3 – – – – – – –
Scirpus sylvaticus – – – – – – – – 1 – 3
Species abundance for each river section is reported. The species
abundance is expressed according to Kohler’s ﬁve-degree scale (1978):
1 ¼ very rare, 2 ¼ rare, 3 ¼ common, 4 ¼ frequent, 5 ¼ abundant,
predominant.
Table 9. Abiotic features of river sections of the Forstinnin-
ger Sempt
Forstinninger Sempt
River section Mean width Flow velocity Shading
1 7 IV 3
2 5 IV 1
3 6 IV 4
4 6 IV 4
5 7 IV 5
6 5 IV 3
7 8 III 3
8 7 III 5
9 6 IV 4
10 5 IV 4
11 8 IV 3
12 10 III 4
13 10 III 4
14 10 III 1
15 15 III 3
16 10 III 4
17 10 III 2
18 12 III 3
19 10 III 3
20 10 III 4
21 10 III 2
22 15 II 3
23 6 III 5
24 5 III 4
Mean width is measured in metres (m), while ﬂow velocity and shading
are measured according to a six- and ﬁve-degree scale, respectively.
Flow velocity: I ¼ not appreciable, II ¼ very slow ﬂowing, III ¼ slow
ﬂowing, IV ¼ fast ﬂowing, V ¼ turbulent, VI ¼ extremely turbulent.
Shading: 1 ¼ full sunny, 2 ¼ sunny, 3 ¼ mostly sunny, 4 ¼ mostly
shaded, 5 ¼ completely shaded.
M. Fabris et al. / Limnologica 39 (2009) 40–5546oxygen (Table 11). Our results are very similar to those
given by Schneider (2000) and Schneider et al. (2001) for
the period April–September 1998.
The species that compose the macrophyte community
of the Forstinninger Sempt are listed in Table 12.Inninger Bach
The Inninger Bach was divided into 22 sections
(Table 13). In Inning am Ammersee, where it ﬂows through
a tunnel for 1.5km, it was not mapped. Sections 1–3, 10 and
16–21 are type MPG, while Sections 4–9, 11–15 and 22
are MRK.
The RI (Table 14) is negative in all sections. Apart
from Section 18, which is in ‘‘good’’ ecological state,
the other sections are in a ‘‘moderate’’ or ‘‘poor’’ state.
The results are not reliable in Sections 6 and 21, since
the minimum quantity of macrophyte cover was not
achieved. In Sections 1, 15, 16, 19, 20 and 22 the
calculation of the RI was not possible, because no
indicator species occurred.
The TIM results (Table 14) are partially not reliable.
In Sections 1, 15, 19, 20 and 22 the TIM was not
calculated due to the total lack of indicator species. The
TIM values are often higher than 2.5, corresponding to
conditions from meso-eutrophic to eutrophic.
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Table 10. Reference index values (RI), ecological state (ES),
TIM values, rate of scatter (SC) and trophic classiﬁcation in
the river sections of the Forstinninger Sempt
Forstinninger Sempt
River
section
RI ES TIM SC Trophic classiﬁcation
1 0.00 3 2.61 0.06 Meso-eutrophic
2 11.46 2 2.65 0.06 Eutrophic
3 29.77 1 2.66 0.08 Eutrophic
4 29.10 1 2.63 0.06 Eutrophic
5 27.18 1 2.61 0.07 Meso-eutrophic
6 31.11 1 2.58 0.07 Meso-eutrophic
7 –7.96 3 2.63 0.08 Eutrophic
8 – – – – –
9 0.00 2 2.66 0.08 Eutrophic
10 1.02 2 2.50 0.07 Meso-eutrophic
11 0.00 2 2.49 0.07 Meso-eutrophic
12 –7.41 3 2.60 0.08 Meso-eutrophic
13 –3.13 3 2.47 0.07 Meso-eutrophic
14 –23.02 3 2.54 0.08 Meso-eutrophic
15 –3.88 3 2.51 0.05 Meso-eutrophic
16 0.00 2 2.42 0.09 Meso-eutrophic
17 –32.32 3 2.51 0.12 Meso-eutrophic
18 –3.38 3 2.48 0.10 Meso-eutrophic
19 –5.14 3 2.44 0.09 Meso-eutrophic
20 –1.75 3 2.46 0.08 Meso-eutrophic
21 0.00 2 2.59 0.06 Meso-eutrophic
22 32.41 2 2.48 0.12 Meso-eutrophic
23 15.98 2 2.43 0.18 Meso-eutrophic
24 82.24 1 2.20 0.21 Mesotrophic
The unreliable results are marked in Italics. Ecological state: 1 ¼ high,
2 ¼ good, 3 ¼ moderate.
Table 11. Physicochemical and chemical measures in the
Forstinninger Sempt
Forstinninger Sempt
Sampling site 1 2 7 13 19 24
T (1C) 12.2 12.1 12.0 11.7 10.8 10.7
PH 7.71 7.54 7.44 7.62 7.42 7.16
DO (mg/l) 14.3 13.3 12.1 16.3 14.2 12.3
DO (% sat.) 140 130 118 155 136 117
Cond. (mS/cm) 643 643 644 639 642 645
N-NO3
 (mg/l) 6.9 6.1 6.3 6.2 8.0 7.3
N-NH4
+ (mg/l) 28.2 35.1 47.3 o1 o1 o1
SRP (mg/l) 44.6 42.7 36.6 21.5 14.1 2.6
Ptot (mg/l) 99.7 132.3 316.9 52.9 17.2 16.5
DO ¼ dissolved oxygen, Cond. ¼ conductivity, SRP ¼ soluble reac-
tive phosphorus, Ptot ¼ total phosphorus. September 2006, sampling
sites 1, 2, 7, 13, 19 and 24 are within the respective macrophyte
mapping sections.
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Sections 2, 5, 10, 14 and 18 (Table 15). The results
correspond with the data measured from April toSeptember 1999 (Schneider, 2000; Schneider et al.,
2000).
The macrophyte biocenoses of the Inninger Bach are
mainly composed of meso-eutrophic and eutrophic taxa
(Table 16). However, species diversity is high.Different hypothesis for river typologies
The Pullinger Graben, the Forstinninger Sempt and
the Inninger Bach are partially type MRK and partially
type MPG. Table 17 resumes the division of the three
streams in different typologies and shows which sections
changed in the two hypothetic versions. Section 22 of
the Forstinninger Sempt and Sections 20 and 21 of the
Inninger Bach were not changed. The type classiﬁcation
is in these cases due to the ﬂow velocity, which is very
slow. Thus it would have not made sense to hypothesize
a mistake in velocity evaluation, since it is very unlikely
that a very slow-ﬂowing reach could be evaluated as a
fast ﬂowing one.
Table 18 summarizes the results of the RI for different
versions, in terms of the number of sections in each
ecological status class. In the Pullinger Graben, assum-
ing type MRK leads to a slightly better assessment,
while assuming type MPG leads to slightly worse
assessment of the river (Table 18). However, differences
are minor and occur only between status classes 1 and 2.
In contrast, assuming type MRK in the Forstinninger
Sempt results in only 2 out of altogether 23 sections
being in status class 3, whereas for type MPG 16 river
sections are assessed as status class 3, thus changing the
assessment of the majority of river sections from ‘‘no
need for restoration’’ to ‘‘restoration required’’. As for
the Pullinger Graben, assuming type MPG leads to a
worse assessment than assuming type MRK. The
opposite is true for the Inninger Bach where type
MRK assessment leads to a slightly worse result.
However, as in the Pullinger Graben, the differences
between the versions are only minor.Relationships among variables
The RI shows a negative correlation with the TIM
(ro0.57, n ¼ 59, po0.05; Table 19). There is also a
weak correlation between RI and shading (r40.28,
n ¼ 59, po0.05; Table 19), while RI is not signiﬁcantly
correlated with ﬂow velocity (r ¼ 0.06, n ¼ 59,
po0.05; Table 19). TIM has no signiﬁcant correlation
neither with shading nor with ﬂow velocity (Table 19).
The TIM is positively and signiﬁcantly correlated
to the total phosphorus (r ¼ 0.46, n ¼ 19, po0.05;
Table 20) and the correlation is higher, if SRP is
considered (r ¼ 0.64, n ¼ 19, po0.01; Table 20);
furthermore, there is a negative correlation among RI
and SRP (r ¼ 0.42, n ¼ 19, po0.05; Table 20).
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Table 12. Composition of the macrophyte community in the river sections of the Forstinninger Sempt
Forstinninger Sempt
Species River section
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Agrostis stolonifera 1 2 2 2 2 3 3 – 2 3 1 1 1 2 2 – 1 – 1 1 2 – 1 –
Berula erecta 4 4 4 3 3 – 3 – 2 2 3 4 4 4 3 2 2 3 4 5 5 5 5 3
Callitriche obtusangula 5 4 5 4 4 4 5 – – 1 1 2 4 5 4 5 4 4 3 4 3 1 – –
Caltha palustris – – – – – – – – – – 1 – – – – – – – – – – – – –
Carex sp. – – – – – – – – – – 1 – 1 2 – – – – – – – – – –
Deschampsia caespitosa 1 – 1 – – – – – – – 2 – – – – – – – – – – – – –
Elodea canadensis – – – – – – – – – – – – – – – – – – – 2 – 1 – –
Epilobium parviflorum – – – – – – – – 1 1 3 – – – 1 – – – – 2 2 1 – 1
Equisetum palustre – – – – – – – – – – 1 – 1 – – – – – – – – – – –
Fontinalis antipyretica 2 – 3 2 3 – – – 2 3 3 3 3 3 4 3 3 4 3 2 – 3 2 –
Groenlandia densa – – – – – – – – – – – – – – – – – – 2 – – – – –
Hippuris vulgaris – – – – – – – – – – – – – – – – – – – – – 1 – –
Iris pseudacorus – – – – – – – – – – – – – – – – – – 2 – – – – –
Juncus articulatus – – – – – – – – – – – – – – – – – – – – – 1 – –
Lemna minor 1 1 – 1 – – 1 – – – – – – – – – – – – – – – – –
Mentha aquatica – – – – 1 – – – – – 2 – – – – – – – – – – 5 5 5
Mentha longifolia – – – – – – – – – – 2 – – 1 – – – – – – 1 – – –
Myosotis palustris – – – 1 – 1 2 – 1 2 1 – – – – – – – – 1 – – – –
Nasturtium officinale – – – 1 2 – 2 – 1 2 1 2 – – 1 – – – 1 2 1 1 1 1
Phalaris arundinacea 2 4 1 1 – 3 3 – 1 2 3 2 2 3 3 – – – 3 3 3 3 2 3
Phragmites australis – – – – – – – – – 1 – – – – – – – – – – – – – –
Potamogeton berchtoldii – – – – – – – – – – – – 3 4 3 – – 1 3 1 – – – –
Ranunculus circinatus – – – – – – – – – – 2 – 4 4 2 4 3 4 4 5 – – – –
Ranunculus fluitans – 2 3 2 2 2 3 – 1 – 1 – 1 2 – – – 2 – – – 2 – –
R. fluitans x trichophyllus – – – – – – – – – 2 1 1 – 4 2 2 2 1 5 5 5 4 2 –
Ranunculus trichophyllus 4 5 5 4 4 4 5 – 2 3 – – 1 – – – – – – – – – – –
Rynchostegium riparioides – – – – – – – – – – – – – – – – – – – 1 1 – – –
Scirpus sylvaticus – – – – – – – – – – 2 – – 3 – – – – – 1 – 1 – –
Solanum dulcamara – – – – – 1 – – – 1 2 – – 1 1 – – – – – – – – –
Sparganium emersum – – – 1 – – – – – – 1 – – – – – – – – – – 2 – –
Sparganium erectum – – – – – – – – – – – – – – – – – – – – – 1 – –
Veronica anagallis–aquatica 2 3 2 1 – 2 2 – 1 2 2 – – 1 – – – – 1 – – – – –
Veronica beccabunga 1 – – 1 1 1 – – 1 3 3 – – 1 1 – – – – – 3 – 1 –
Zannichellia palustris 5 3 2 2 2 2 3 – – – – 2 2 5 2 – 4 2 3 – – – – –
Species abundance for each river section is reported. The species abundance is expressed according to Kohler’s ﬁve-degree scale (1978): 1 ¼ very rare,
2 ¼ rare, 3 ¼ common, 4 ¼ frequent, 5 ¼ abundant, predominant.
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can be ﬁt by log functions. The t-student test showed
that the difference between the real values of TIM and
the values of TIM calculated with the log functions are
not signiﬁcant (in both cases p40.99; Table 21).Discussion
The RI is related to the TIM, which sensibility to
nutrients levels is shown by the correlation with SRP
concentrations (Table 20). The negative correlation
between RI and TIM (the higher is the TIM and thus
the trophic status of the river section, the lower is the RIand consequently the ecological status of the section) is
due to the fact that the ecological state of a river is
partly determined by its trophic state, as conﬁrmed by
the correlation among phosphorus concentrations and
RI as well (Table 20). The results of the Pullinger
Graben and the Inninger Bach are coherent with this
consideration.
The RI in the Pullinger Graben indicates a good or
high ecological status for all sections. This result is in
accordance with the nutrient poor trophic status
indicated by the TIM in Sections 1–7, which corre-
sponds to that described by the chemical analyses.
In Sections 8–11 the TIM is higher and indicates
meso-eutrophic conditions, due to the absence of both
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Table 13. Abiotic features of river sections of the Inninger
Bach
Inninger Bach
River section Mean width Flow velocity Shading
1 5 III 4
2 2 III 1
3 2 III 1
4 2 IV 3
5 3 IV 4
6 2.5 IV 5
7 2.5 IV 3
8 2 IV 1
9 2 IV 3
10 2.5 III 1
11 1.5 IV 3
12 1.5 IV 3
13 3 IV 4
14 2 IV 4
15 2 IV 4
16 5 III 5
17 2 III 3
18 2 III 3
19 2 III 3
20 5 II 5
21 2.5 II 4
22 2 IV 5
Mean width is measured in metres (m), while ﬂow velocity and shading
are measured according to a six- and ﬁve-degree scale, respectively.
Flow velocity: I ¼ not appreciable, II ¼ very slow ﬂowing, III ¼ slow
ﬂowing, IV ¼ fast ﬂowing, V ¼ turbulent, VI ¼ extremely turbulent.
Shading: 1 ¼ full sunny, 2 ¼ sunny, 3 ¼ mostly sunny, 4 ¼ mostly
shaded, 5 ¼ completely shaded.
Table 14. Reference index values (RI), ecological state (ES),
TIM values, rate of scatter (SC) and trophic classiﬁcation in
the river sections of the Inninger Bach
Inninger Bach
River
section
RI ES TIM SC Trophic classiﬁcation
1 – – – – –
2 –81.05 4 2.86 0.05 Eutrophic
3 –59.11 4 2.65 0.23 Eutrophic
4 –40.35 3 2.32 0.24 Meso-eutrophic
5 –22.88 3 2.11 0.21 Mesotrophic
6 –10.00 2 2.88 – Eutrophic
7 –44.17 3 2.26 0.25 Meso-eutrophic
8 –53.28 4 2.49 0.30 Meso-eutrophic
9 –74.83 4 2.61 0.19 Meso-eutrophic
10 –40.08 3 2.48 0.15 Meso-eutrophic
11 –59.57 4 2.40 0.17 Meso-eutrophic
12 –100.00 4 2.74 0.13 Eutrophic
13 –86.09 4 2.82 0.06 Eutrophic
14 –62.24 4 2.64 0.19 Eutrophic
15 – – – – –
16 – – – – –
17 –8.02 3 2.38 0.19 Meso-eutrophic
18 46.67 2 2.08 0.21 Mesotrophic
19 – – – – –
20 – – – – –
21 –88.89 4 2.87 0.06 Eutrophic
22 – – – – –
The unreliable results are marked in italics. Ecological state: 2 ¼ good,
3 ¼ moderate, 4 ¼ poor.
Table 15. Physicochemical and chemical measures in the
Inninger Bach
Inninger Bach
Sampling site 2 5 10 14 18
T (1C) 15.5 15.6 15.9 15.9 15.8
PH 7.75 7.90 8.07 7.63 7.85
DO (mg/l) 12.3 13.1 12.6 10.2 11.5
DO (% sat.) 131 135 135 109 124
Cond. (mS/cm) 388 389 378 376 376
N–NO3
 (mg/l) 1.4 1.4 1.2 1.1 1.1
N–NH4
+ (mg/l) 22.7 14.4 16.0 14.9 11.9
SRP (mg/l) 39.8 8.1 10.3 6.5 8.4
Ptot (mg/l) 76.6 39.5 23.4 17.9 18.2
DO ¼ dissolved oxygen, Cond. ¼ conductivity, SRP ¼ soluble reac-
tive phosphorus, Ptot ¼ total phosphorus. September 2006, sampling
sites 2, 5, 10, 14 and 18 are within the respective macrophyte mapping
sections.
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(Sections 3–7), which are indicators of oligotrophic
conditions (Carbiener et al., 1990; Robach et al., 1996;
Buchwald et al., 2000). Sections 8–11 have narrow width
and scarce water ﬂow, because they are near the spring
and the absence of P. coloratus and J. subnodulosus is
probably due to the different morphological conditions
and not to a marked change in the trophic level.
In the Inninger Bach the TIM shows a trophic level
varying from meso-eutrophic to eutrophic, which
corresponds to the situation outlined by the chemical
data. In accordance with the general high trophic state,
the RI indicates moderate to poor ecological status.
Nonetheless, the RI is not only dependent from
trophic state, but reﬂects also other environmental
factors and pressures, as shown by the results of the
Ronetsbach and the Forstinninger Sempt.
The TIM and the RI in the Ronetsbach indicate
different pressures. The TIM describes the Ronetsbach
as an oligo-mesotrophic to mesotrophic water course.
The TIM indicates a higher trophic state than indicated
by the water chemical data. This is most probably due to
sediment nutrients which we assume to be high in thisstream as it ﬂows through an agricultural area. The two
functions TIM ¼ 1.8628+0.4789 log 10(x) (x ¼ SRP
concentration; Fig. 3) and TIM ¼ 1.6278+0.4812
log 10(x) (x ¼ Ptot concentration; Fig. 2) show that the
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Table 16. Composition of the macrophyte community in river sections of the Inninger Bach
Inninger Bach
River section 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
Species
Agrostis stolonifera – – – – – – 1 – – 2 – – 2 – – – – – – – – –
Caltha palustris – – – – – – – – – – 1 – – – – – 1 – – – – –
Carex sp. – 4 4 4 3 2 4 3 4 2 3 – 1 – – – 1 1 – – – –
Chara globularis – – – – – – – – – 1 – – – 2 – – 4 5 – – – –
Chrysoplenium oppositifolium – – – – – – – – – – 1 – – – – – – – – – – –
Elodea canadensis – – – – – – – – – 1 – – – – – – – – – – – –
Epilobium parviflorum – – – – – – – – – 2 1 – 2 1 – – – 1 – – – –
Equisetum fluviatile – – – – – – – – – – – – – – – – 1 3 – – – –
Equisetum palustre – – – – – – – – – – – – – 1 – – – – – – – –
Fontinalis antipyretica – – – – – 1 – – – – – – 2 – – – – – – – – –
Glyceria fluitans – – – – – – – – – – – – 1 – – – – – – – – –
Groenlandia densa – 1 – 4 4 – 4 – 2 4 5 – – – – – – – – – – –
Iris pseudacorus – 3 2 1 1 1 2 2 3 2 2 1 – 2 – – 3 3 – – – –
Juncus inflexus – – – – – – – – – 1 – – – – – – – – – – – –
Juncus subnodulosus – – – – – – – – – – – – – – – – 2 2 – – – –
Leersia oryzoides – – – – – – – – – 2 1 – – – – – – – – – – –
Lemna minor – – – – – – 1 – – – – – – – – – 1 – – – – –
Lycopus europaeus – – – – – – – – – 3 1 1 1 – – – – – – – – –
Lysimachia thirsiflora – – 1 – – – – – – – – – – – – – – – – – – –
Lythrum salicaria – – 1 – – – 1 – – 1 – – – – – – – 1 – – – –
Mentha aquatica – – – – – – – – – 3 3 2 1 – – – 3 3 – – – –
Mentha longifolia – – – – – – – – – 3 2 – 1 – 1 – – – – – – –
Menyanthes trifoliata – – – – – – – – – – – – – – – – – 1 – – – –
Myosotis palustris – – – – – – – – – – 1 – – – – – – – – – – –
Myriophyllum spicatum – 4 2 4 3 – 4 4 4 5 5 3 4 3 – – 3 – – – – –
Myriophyllum verticillatum – 3 3 2 – 2 – – – – – – – – – – – – – – – –
Nasturtium officinale – – – – 1 – – – – – – – – – – – – – – – – –
Phalaris arundinacea 3 3 3 2 2 2 3 2 4 2 2 – 2 2 2 – 2 2 – – – –
Phragmites australis 3 4 4 3 – – 4 5 – – – – – – – – 5 5 5 1 5 2
Polygonum amphibium – – – – – – – – – – – – 1 – – – – – – – – –
Potamogeton berchtoldii – – – – – – – – 2 2 2 1 2 2 – – 5 – – – 1 –
Potamogeton crispus – – – – – – – – – 2 – – – 3 – – – – – – – –
Potamogeton filiformis – – 4 4 3 – 3 4 3 5 3 – – 3 – – – – – – – –
Potamogeton pectinatus – 5 5 3 – 1 – 2 3 5 4 2 3 3 – – 4 3 – – 3 –
Potamogeton perfoliatus – – – 1 – – 2 1 2 3 3 – – – – – – – – – – –
Potamogeton x zizii – – – – – – – – – – – – – – – – 4 5 – – – –
Rynchostegium riparioides – – – – – – – – 1 – – – – – – – – – – – – –
Schoenoplectus lacustris – – – – – – – – – – – – 2 3 3 – 3 5 – – 3 –
Scirpus sylvaticus – – – – – – – – – 2 2 – – 2 3 – 4 4 – 1 3 1
Sparganium emersum – 1 2 – 1 – – – – 1 2 – – – – – 2 1 – – – –
Sparganium erectum – – 1 2 2 – – – – 2 – – – – – – – – – – – –
Typha latifolia – – – – – – – – – – – – 1 – 1 – – 3 – – – –
Veronica beccabunga – – – – – – 1 – – 1 2 1 – – – – – – – – – –
The species abundance is expressed according to Kohler’s ﬁve-degree scale (1978): 1 ¼ very rare, 2 ¼ rare, 3 ¼ common, 4 ¼ frequent, 5 ¼ abundant,
predominant.
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tion when the P level is low, while the index tends to a
maximum as SRP exceeds 35–40 mg/l and Ptot exceeds
150–200 mg/l. Macrophytes show in fact a strong
reaction to little variation in P concentration, when
the concentration is low, while above a certain value ofP concentration the change in macrophyte community is
not appreciable any more.
The TIM values in the Ronetsbach lay in a close
range, because the TIM indicates the trophic level of
river sections, which is in this case quite homogeneous.
The RI is instead more ﬂuctuating, depending on the
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Table 17. Stream sections with respective type according to different versions
Pullinger Graben: actual type  
Pullinger Graben: MPG version
Pullinger Graben: MRK version
Forstinninger Sempt: 
actual type 
Forstinninger Sempt: 
MPG version
Forstinninger Sempt:
MRK
version
Inninger Bach:
actual type
Inninger Bach:
MPG version
Inninger Bach: 
MRK version
1 2 3 4 5 6 7 8 9 10 11
1 2 3 4 5 6 7 8 9 10 11
1 2 3 4 5 6 7 8 9 10 11
1 2 3 4 5 6 7 8* 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
1 2 3 4 5 6 7 8* 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
1 2 3 4 5 6 7 8* 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
1* 2 3 4 5 6 7 8 9 10 11 12 13 14 15* 16* 17 18 19* 20* 21 22*
1* 2 3 4 5 6 7 8 9 10 11 12 13 14 15* 16* 17 18 19* 20* 21 22*
1* 2 3 4 5 6 7 8 9 10 11 12 13 14 15* 16* 17 18 19* 20* 21 22*
The number in the cells corresponds to the section number; the cells marked in black are MRK type, while the cells marked in grey are MPG type. In
sections marked with * the reference index was not applicable, because of the lack of submerged vegetation.
Table 18. Results of the reference index (RI) calculation for
different typology versions
Ecological state class Actual
data
MRK
version
MPG
version
Pullinger Graben
1 2 4
2 9 7 11
3
4
5
Forstinninger Sempt
1 5 6 1
2 8 15 6
3 10 2 16
4
5
Inninger Bach
1
2 2 1 3
3 5 4 5
4 9 11 8
5
Table 19. Spearman rank correlation among reference index
(RI), TIM, shading degree (SHADE) and ﬂow velocity
(FlowV); po0.05, N ¼ 59
RI TIM FlowV SHADE
RI 1.00 0.57 0.06 0.28
TIM 1.00 0.13 0.10
FlowV 1.00 0.14
SHADE 1.00
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inﬂuenced by the lack of riparian vegetation than by
eutrophication. The reference macrophyte community
for a MRK river is mainly characterized by bryophyte
species, which generally grow better under shaded
conditions (Valanne, 1984; Haury et al., 2000). The RI
has in fact higher values in Sections 2–4, with a
maximum in Section 3 (50.39), which is also the only
section with well-developed riparian vegetation. In fact
only in Section 3, and to a lower extent, in Sections 2
and 4, aquatic mosses, which occur in the Ronetsbach,
become dominant. According to the RI method
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Table 20. Linear correlation among reference index (RI),
soluble reactive phosphorus (SRP) and total phosphorus
(Ptot) and among TIM, SRP and Ptot; p values are reported,
N ¼ 19
SRP Ptot
RI 0.42 (po0.05) 0.22 (po0.05)
TIM 0.64 (po0.01) 0.46 (po0.05)
TIM = 1,6278+0,4812*log10(x)
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Fig. 2. TIM – Ptot scatterplot, with log tendence and function
equation.
TIM = 1,8628+0,4789*log10(x)
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Fig. 3. TIM – SRP scatterplot with log tendence and function
equation.
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C. commutatum, both species growing in the Ronetsbach
and C. commutatum even prevailing in Section 3, belong
to species group A of the type MRK, while Fontinalis
antipyretica, more diffused in other sections, is a
species B and is able to adapt also to high light intensity
(Glime, 1984).The community of the Ronetsbach shows therefore an
ecological stress, caused by the lack of shading from
riparian vegetation. Further evidence of this fact is given
by the proliferation of A. repens (a non-scoring species in
the RI method for type MRK), which would not be
possible under severe shading, since it is a light-demanding
taxon (Ellenberg et al., 1992; Grassly et al., 1996). The RI
gives clear evidence of the stress, revealing an altered
ecological state, which is in this case determined by the
lack of shading and not by eutrophication.
The RI has in fact a positive correlation with the
degree of shading provided by the riparian vegetation
(Table 19).
In the Forstinninger Sempt the TIM indicates a rather
homogeneous meso-eutrophic to eutrophic trophic
status with a slightly increasing tendency in the down-
stream direction. In accordance with the positive
correlation existent among TIM and phosphorus con-
centration (Table 20), the TIM indicates the impact of
piscicultures in Sections 2–4 and 7–9 which is coherent
with higher nutrient concentrations measured in
Sections 2 and 7. On the other side the ecological status
of the Forstinninger Sempt is lower in Sections 12–20
that are in ‘‘moderate’’ status (apart from section 16
which is ‘‘good’’). This part of the stream has a series of
mill controls. The weirs interrupt the continuity of the
water course and lead to slower ﬂow velocity. Although
the RI has no signiﬁcant correlation with ﬂow velocity
(Table 19), the RI seems to indicate a difference in
ecological status that is not caused by eutrophication,
but in this case by reduced ﬂow velocity. This could be
meaningful, despite not conﬁrmed by statistical data.
Flow velocity is in fact an environmental factor which
can play a different role (positive or negative) for
different river types. This difference is taken into
consideration from RI, which measures the distance
from reference condition, but not by the correlation
coefﬁcient.
It is important to note that river ecological status
according to the WFD is not exclusively determined by
the trophic status of the river section but also by other
pressures and that the RI is capable of indicating
different types of pressures.
As for the inﬂuence of incorrect river type determina-
tion on the RI results, it can lead to both ‘‘too good’’
and ‘‘too bad’’ river status assessment. A different
assessment result for different river types occurs when
abundant species are assigned to different indicator
groups for the different river types. For example,
Callitriche obtusangula in particular is an A species for
type MRK, whereas it is a B species for MPG. Since this
taxon, when present, is often abundant or dominant
(Ludwig, 1970; Kohler, 1975; Kutscher and Kohler,
1976), it inﬂuences drastically the ecological status of the
section. In the Forstinninger Sempt C. obtusangula often
occurred together with group C species. The belonging
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Table 21. t-Student test results on real TIM values (TIM) and TIM values calculated, respectively, according to the function
TIM ¼ 1.8628+0.4789 log 10(x), where x ¼ SRP concentration (values series marked with TIMsim1), and TIM ¼
1.6278+0.4812 log 10(x), with x ¼ Ptot concentration (values series marked with TIMsim2)
Average Std. Dev. N Diff. Std. Dev. Diff. t df p
TIM 2.22 0.45 19
TIMsim1 2.22 0.29 19 0.00004 0.34 0.0004 18 0.99
TIMsim2 2.22 0.29 19 0.00005 0.34 0.0006 18 0.99
Std. Dev. ¼ standard deviation, N ¼ number of samples, Diff. ¼ difference among averages, Std. Dev. Diff. ¼ difference between standard
deviations, df ¼ degrees of freedom, p ¼ signiﬁcance level.
M. Fabris et al. / Limnologica 39 (2009) 40–55 53of C. obtusangula to species group A or B becomes thus
extremely important since this taxon can balance or not
the abundance of one or more species of group C.
A similar situation occurs in the Pullinger Graben for
the dominant M. aquatica, which is a group A species in
MPG and a group B species in MRK sections. However,
this difference does not severely inﬂuence the RI results
because M. aquatica, especially its submerged form
(which is prevailing in the Pullinger Graben), is hardly
present and abundant at the same site with considerable
quantities of C species.Conclusions
This study gives clear evidence of the difference
between a trophic macrophyte index (TIM) and an
ecological macrophyte index (RI).
The RI is a useful tool to detect different
kinds of ecological stresses, as well as pollution,
while the TIM measures the trophic state of the river
section, accounting also for nutrients enrichment in
the sediment.
For rivers belonging to more than one type along the
river course, the type determination, which is semi-
quantitative and thus partially subjective, does not
inﬂuence signiﬁcantly the results in the case of well-
deﬁned situation (i.e. showing a general good or bad
ecological state). More attention has instead to be paid
to those environments that have an intermediate
ecological state, with a state varying from section to
section and in particular when assessing rivers which
belong to type MRK or MPG, since these two types are,
in contrast to other types, quite similar. In such
situations the key factors for river type classiﬁcation
(i.e. mean width and ﬂow velocity) should be evaluated
in the most precise way, to avoid the possibility of a
misleading determination.Acknowledgements
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